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CHANGING A PLAYBACK SPEED FOR VIDEO PRESENTATION 
RECORDED IN A MODIFIED FILM FORMAT 

5 BACKGROUND OF THE INVENTION 

1. Technical Field 

The inventive arrangements relate generally to methods and apparatus 
providing advanced operating features for programs recorded on disc media, for 
example recordable digital video discs, hard disk drives and optical discs. 

10 2. Description of the Related Art 

While conventional trick modes enable a user to view recorded video at 
different speeds, the video is not permanently altered by the process. If the video is 
displayed at a later time, then the user must initiate another trick mode to view the 
video at a different speed. Significantly, however, many users may wish to 

1 5 permanently change the playback speed of a particular portion of video to achieve 
special visual effects by modifying the video once the video has been recorded onto 
the media. Such a process can permit speed variations during playback. 
Unfortunately, several significant obstacles exist that make editing recorded video in 
such a fashion impracticable. 

20 For example in the case of media such as magnetic tape and optical disc 

media such as DVD, it is desirable to record program data in a contiguous manner 
on the medium so as to avoid interruptions in program presentation. Typically, 
however, the space occupied by the original recorded video is not large enough to 
store the pictures that must be repeated in order to produce certain trick effects such 

25 as slow motion playback. This makes it difficult to store a modified video segment in 
the same physical location as the original data. In addition to spatial limitations, 
repeating pictures on the disc or other media can interfere with the conventional 
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picture structure of the video, which can degrade the display quality of the video 
during playback. 

Performing trick modes on video recorded under a film structure format, 
particularly when a moving object is recorded, can present another problem as well. 
5 Video recorded under a film structure format is recorded at twenty-four (24) frames 
per second. However, video displayed on televisions is typically displayed at a rate 
of about thirty (30) frames per second or, equivalently, at an NTSC rate of sixty (60) 
fields per second when interlaced scanning is used. Based on the incompatibility of 
the display rates between film and television, DVD players or recorders can convert 
10 video recorded under a film structure to an NTSC format using a process known as 
3:2 pulldown. 

Using 3:2 pulldown, a DVD player or recorder will rearrange each frame into a 
top field and a bottom field. For example, an initial frame from a group of four (4) is 
shown as three (3) fields, where the top field is shown first, then the bottom field is 

15 shown second, then the top field is shown again. The next film frame is shown as 
two (2) fields, with the bottom field being shown first and the top field being shown 
second. The third film frame of the group is again shown as three (3) fields, but in 
this frame the bottom field is shown first, followed by the top field, and the bottom 
field is shown again. Lastly, the fourth frame is shown as two fields, with the top field 

20 shown first and the bottom field shown last. Since 3:2 pulldown adds repeat fields 
to a video during playback and modifying recorded video to produce slow motion 
playback adds additional repeat pictures, inconsistent object movement is likely to 
result if the pictures repeated for slow motion playback contain repeat fields. Thus, a 
need exists for a method of changing a playback speed for video recorded in a 
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modified film format having repeat fields and further overcoming the detriments 
described above. 

SUMMARY OF THE INVENTION 

In a first aspect of the invention, a method for changing the playback speed of 
5 a selected video segment having repeat fields includes the step of modifying the 
selected video segment by removing repeat fields to achieve fast motion play. This 
can be accomplished by setting a repeat first field flag located in a picture header to 
zero to prevent 3:2 pulldown from being performed on a video segment. Pictures 
from the selected video segment can also be removed to achieve a desired playback 
1 0 speed. 

In a second aspect of the invention, the method can also include the step of 
encoding the repeat fields into conventional field pictures. An associated repeat first 
field flag located in a picture header can then be set to zero. Dummy pictures can be 
added to the selected video segment to achieve a desired playback speed. 

1 5 Yet another aspect of the present invention for modifying a selected video 

segment having repeat fields includes the steps of replacing the repeat fields with 
dummy pictures and setting a repeat first field flag located in a picture header to 
zero. Further dummy pictures can be added to the selected video segment to 
achieve a desired playback speed. In the above discussed methods, the selected 

20 video segment can be reencoded into a conventional or other desired GOP structure 
after modifying the selected video segment. 

Another aspect of the present invention comprises a system for changing the 
playback speed of a selected video segment having repeat fields. The system can 
include storage medium reading circuitry for selectively reading a video segment 

25 which has been recorded on a portion of a rewritable storage medium, a video 
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processor for modifying the selected video segment for a changed playback speed, 
and video recorder circuitry for recording the modified video segment exclusively on 
a portion of the storage medium. The video processor can modify the selected video 
segment by removing the repeat fields to achieve fast motion play. The video 
5 processor can also modify the selected video segment by encoding the repeat fields 
into conventional field pictures and/or setting a repeat first field flag located in a 
video header to zero after modifying a selected video segment. 

The video processor may also delete a plurality of non-video packs in the 
selected video segment to reduce an amount of data contained in the modified video 
10 segment. Furthermore, the video processor can reduce the resolution of at least one 
frame contained in the modified video segment and/or lower the bit rate of the 
modified video segment during a recording step. In a video segment, the video 
processor can add or delete at least one dummy picture to change the playback 
speed. 

15 In the above system, a selected video segment can be reencoded into a 

desired GOP structure after being modified and the modified segment can be 
recorded exclusively on a desired portion of a storage medium. 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 is a block diagram of a rewritable DVD device that can change the 
20 playback speed of video recorded in a modified format in accordance with the 
inventive arrangements herein. 

FIG. 2 illustrates a data structure of a rewritable DVD disc. 
FIG. 3A is a flow chart that illustrates the operation of changing the playback 
speed of a video presentation recorded with repeat fields to produce fast motion or 
25 slow motion playback in accordance with the present invention. 
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FIGS. 3B - 3G demonstrate the editing process of FIG. 3A as applied to a 
conventional GOP for a video with 3:2 pulldown to produce one-half playback speed 
in accordance with the present invention. 

FIGS. 3H - 3M demonstrate the editing process of FIG. 3A as applied to a 
5 conventional GOP for a video with 3:2 pulldown to produce double speed fast motion 
playback in accordance with the present invention. 

FIG. 4A is a flow chart that illustrates the operation of removing repeat fields 
from video recorded with 3:2 pulldown and replacing them with dummy pictures to 
achieve a desired display rate in accordance with the present invention. 
1 0 FIGS. 4B - 4F demonstrate the editing process of FIG. 4A as applied to a 

conventional GOP for a video with 3:2 pulldown to remove repeat fields and replace 
them with dummy pictures in accordance with the present invention. 
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
Recordable DVD Device 
1 5 A device 1 00 for implementing the various advanced operating features in 

accordance with the inventive arrangements is shown in block diagram form in FIG. 
1 . A rewritable disc medium is embodied as a rewritable DVD in the illustrated 
embodiment. In many instances, as will be noted, the rewritable disc medium can 
also be, for example, a hard drive or a magneto optical disc (MOD). An example of a 
20 MOD is a mini-disc. Moreover, the invention can also be used in a digital tape 
machine. In fact, the invention is not limited to any particular storage medium 
device, as it can be used in any other suitable storage medium device. 

The device 1 00 is capable of writing onto and reading from a storage medium, 
in this example, a rewritable DVD 102. Although the following discussion primarily 
25 concerns rewritable DVD, the invention is not so limited, as any other suitable 
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storage medium can be used. The device can include a mechanical assembly 104, 
a control section 120, a video/audio input processing path 140 and a video/audio 
output processing path 170. The allocation of most of the blocks to different sections 
or paths is self-evident, whereas the allocation of some of the blocks is made for 
5 purposes of convenience and is not critical to understanding the operation of the 
device. 

The mechanical assembly 104 can include a motor 106 for spinning the disc 
102 and a pickup assembly 108 that can be adapted to be moved over the disc 1 02 
as the disc 102 spins. A laser on the pickup assembly 108 can burn spots onto a 

1 0 spiral track on the disc 1 02 and can illuminate spots already burned onto the track 
for recording and playing back video and/or audio program material. For purposes of 
understanding the invention, it is irrelevant whether the disc 102 is recordable on one 
or two sides, or in the event of a double-sided recording, whether the double-sided 
recording, or subsequent reading from the disc 102, takes place from the same side 

1 5 of the disc 1 02 or from both sides. The pickup assembly 1 08 and the motor 1 06 can 
be controlled by a servo 110. The servo 1 10 can also receive the Playback Signal of 
data read from the spiral track of the disc 102 as a first input. The Playback Signal is 
also an input to an error correction circuit 130, which can be considered part of the 
control section or part of the video/audio output processing path 170. 

20 The control section 120 can include a control central processing unit (CPU) 

122 and a navigation data generation circuit 126. The control CPU 122 can supply a 
first input signal to the navigation data generation circuit 126, and the servo 1 1 0 can 
supply a second input signal to the navigation data generation circuit 126. The servo 
1 10 can also be considered part of the control section 120. The navigation data 
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generation circuit 1 26 can supply a first input signal to the multiplexer (MUX) 1 54, 
which can form part of the video/audio input processing path 140. 

The output of the MUX 154 can be an input to an error correction coding 
circuit 128. The output of the error correction coding circuit 128 can be a recordable 
5 input signal supplied to the pickup 1 08, which can be "burned'' onto the spiral track of 
the disc 102 by the laser. 

In addition, control and data interfaces can also be provided for permitting the 
CPU 122 to control the operation of the video encoder 144, video decoder 178 and 
audio decoder 1 82. Suitable software or firmware can be provided in memory for the 
10 conventional operations performed by control CPU 122. Further, program routines 
for the editing recorded video features 1 34 are provided for controlling CPU 1 22 in 
accordance with the inventive arrangements. 

A control buffer 132 for viewer activatable functions can indicate those 
functions presently available, namely play, record, reverse, fast forward, slow play, 
1 5 jump, pause/play and stop. In addition, an editing buffer 1 36 can be provided to 
receive commands for implementing the recorded video editing features. 

The output processing path 170 can include an error correction block 130, a 
track buffer 172, a conditional access circuit 174 and a demultiplexer 176. The track 
buffer 172 can read and temporarily store for further processing data read from the 
20 disc 1 02. This data can be processed by the conditional access circuit 1 74, which 
can control propagation of the data through the demultiplexer 176 and into 
respective paths for video and audio processing. Additionally, the output processing 
path 170 can include a packet video encoder 178, a TV encoder 180, an audio 
decoder 182 and an audio D/A 184. 
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The video/audio input processing path 140 can be a signal processing circuit 
for converting a conventional television signal into digitized packet data for digital 
recording by the device 100. The input path 140 can include a TV decoder 142 and 
the packet video encoder 144. The TV decoder 142 can perform 3:2 pulldown on 
5 video that is recorded in film structure format and can also identify repeat fields in 
video that is received with 3:2 pulldown already implemented. 

In addition, the input processing path 140 can include an audio A/D 146 and 
an audio encoder 148. During normal operation, the digitized signals can be 
combined in a multiplexer 150 and can then be stored in the record buffer 152 until 

1 0 an entire packet has been constructed. As groups of audio and video data packets 
are created, they can be combined in multiplexer 1 54 with appropriate navigation 
packets generated in the navigation generation block 126. The packets can then be 
sent to the error correction coding circuit 128. Error correction coding circuit 128 can 
also be deemed to be part of the input path 140. 

15 If a user wishes to edit a portion of video stored on the disc 1 02, the editing 

buffer 136 can signal the control CPU 122. In one arrangement, the control CPU 122 
can signal the packet video encoder 178 to decode the pictures contained in the 
video being read from a particular location on the disc 102 and then to send the 
video containing the decoded pictures to a packet video encoder 144. As will be 

20 explained later, in an alternative arrangement, only a selected number of these 
pictures need to be decoded during the editing process. In either arrangement, any 
audio associated with the pictures can be forwarded to the audio decoder 182. The 
control CPU 122 can then instruct the audio decoder 182 to store the audio 
temporarily. For purposes of creating extra space, however, the audio is generally 

25 not recombined with the video during the editing process. Rather, the audio is 
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typically discarded when the storage buffer in the audio decoder 182 overflows. In 
addition to removing the audio component, any subpicture information associated 
with the modified video can be separated and prevented from reintegrating with the 
modified video. 

5 Once the video signal containing the decoded pictures is received at the 

packet video encoder 144, the video encoder 144 can modify the video signal by 
adding or deleting pictures. As will be explained in detail beiow, adding pictures to 
the video signal can create slow-motion video and deleting pictures from the video 
can produce fast-forward video. If necessary, the video encoder 144 can then 

1 0 reencode these pictures so that the modified video can be placed on the disc 1 02. 

After the pictures in the edited video signal have been reencoded, the video 
signal can merely propagate through the multiplexer 150 since audio is typically not 
combined with the modified video signal. The edited video is then processed in a 
fashion similar to that of normal video. That is, the modified video signal is combined 

1 5 with navigation data in the multiplexer 1 54 and error corrected by error correction 
coding circuit 128. As will be explained later, the edited video signal can then be 
recorded back onto the disc 1 02 in its original location on the media. 

Notably, the present invention can be realized in hardware, software, or a 
combination of hardware and software. Machine readable storage according to the 

20 present invention can be realized in a centralized fashion in one computer system, 
for example the control CPU 122, or in a distributed fashion where different elements 
are spread across several interconnected computer systems. Any kind of computer 
system or other apparatus adapted for carrying out the methods described herein is 
contemplated to be within the scope of the invention as recited in the claims. 
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Specifically, although the present invention as described herein contemplates 
the control CPU 122 of FIG. 1, atypical combination of hardware and software could 
be a general purpose computer system with a computer program that, when being 
loaded and executed, controls the computer system and a DVD recording system 
5 similar to the control section 1 20 of FIG. 1 such that it carries out the methods 
described herein. The present invention can also be embedded in a computer 
program product which includes all the features enabling the implementation of the 
methods described herein, and which when loaded in a computer system is able to 
carry out these methods. A computer program in the present context can mean any 

1 0 expression, in any language, code or notation, of a set of instructions intended to 
cause a system having an information processing capability to perform a particular 
function either directly or after either or both of the following: (a) conversion to 
another language, code or notation; and (b) reproduction in a different material form. 
The invention disclosed herein can be a method embedded in a computer program 

1 5 which can be implemented by a programmer using commercially available 
development tools for operating systems compatible with the control CPU 122 
described above. 

DVD Data Structure 

FIG. 2 illustrates a typical DVD arrangement. However, variations in the 
20 structure shown are possible, and the invention is not intended to be limited to the 
particular embodiment shown. As shown in FIG. 2, each DVD contains a video 
manager 26 and a video title set (VTS) 28. The VTS includes video title set 
information (VTSI) 27, an optional video object set for menu 29, one or more VOBS 
for title 30 which contains the actual title content and a VTSI backup 31 . Each VOBS 
25 30 is included of a plurality of video objects (VOB) 32. Each video object 32 includes 
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a plurality of cells 34. Each VOBS 30 also includes a collection of pointers to one or 
more cells. In this way, the VOBS 30 data links the cells 34 together and indicates in 
what order the programs or cells 34 are to be played. The cells 34 within a particular 
VOBS 30 can be flagged for play in any desired order. For example, they can be 
5 played sequentially or randomly. 

Each cell 34 includes a plurality of video object units (VOBU) 36. Each of the 
VOBU's 36 in which the video content of the disc resides typically contains 0.4 to 1 .0 
seconds of presentation material. Each VOBU starts with exactly one navigation 
pack (NV_PCK) 38 and can include one or more audio packs (A_PCK) 40, one or 

10 more video packs (V_PCK) 41 and one or more subpicture packs (SP_PCK) 42. In 
addition, each VOBU 36 is nominally included of one group of pictures (GOP). 
Changing Playback Speed for Video Presentation Recorded in 
Film Structure Format Modified With 3:2 Pulldown 
In accordance with the inventive arrangements, a user may alter the playback 

15 speed of film video that has already been recorded onto a storage medium. If the 
user desires to edit the recorded video to produce slow motion video, then one or 
more pictures may be inserted into the video to create such an effect. The altered 
video can then be recorded onto the storage medium in the same space previously 
occupied by the original video. If the user desires to create fast-forward video, then 

20 one or more pictures may be removed from the recorded video. Similar to the slow 
motion editing process, the video can be recorded in the original video's medium 
space. In either process, the edited video may be reencoded to produce higher 
quality playback and trick mode operation. 
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The following is a conventional GOP structure in an MPEG video stream 
containing film pictures in display order, which can be helpful in explaining the 
inventive arrangements: 

B 0 B t l 2 B 3 B 4 P s B 6 B 7 P 8 B 9 B 10 Pn 

5 Experience has shown that placing two bidirectional predictive (B) frames between 
each intra (I) or predictive (P) frame works well. Accordingly, the conventional GOP 
structure as shown is commonly used. Those skilled in the art will appreciate that 
other GOP structures are also commonly used and may be considered conventional. 
The pictures shown in the above conventional GOP structure are film frames 

1 0 and are in bold print to indicate their status as film frames. During the 3:2 pulldown 
conversion to convert the video to a standard NTSC structure the film frames are first 
separated into two field pictures, a top field and a bottom field. The following is an 
example of a conventional GOP structure containing field pictures: 
BotBob BnBia I2-1T2B B3tB 3 bB 4 tB4b PstPsb B6tB 6 bB7tB7b PstPsb B 9 tB 9B BiotBiob 

15 PhtPub 

As shown, pictures with the subscript "T" represent the top field pictures, and 
pictures with the subscript "B" represent the bottom field pictures. 

Next, repeat fields are added to convert the video from a twenty-four (24) 
frame per second display rate to a sixty (60) fields per second display rate. In order 

20 to achieve the correct number of repeat fields, the first field displayed in every other 
frame is repeated. Repeat first field flags in the picture headers identify which 
frames have a repeat field. The following is a display sequence with repeat field 
pictures, where I, P, and B indicate the original picture coding type from which the 
display field is reconstructed: 
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B 0 T Bob B 0 t B-| B B 1T I2B I2T I2B B 3T B 3B B 4T B 4B B 4T P 5 b Pst B 6 b B 6 t B 6B Btt B 7B Pst Psb Pst 
Bg B B9T Biqb Biotb Biob Put Pub 
These display fields are reconstructed from a GOP that is selected for 
purposes of illustrating the inventive arrangements are merely examples of GOP 
5 structures that can be used to practice the invention, as the invention is not limited to 
any particular type of GOP structure. In fact, the invention can be applicable to 
those MPEG encoders that are designed to encode only P frames and I frames or 
those encoders that are limited to encoding only I frames. 

Referring to FIG. 3A, a flowchart 300 illustrates how trick mode editing can be 
1 0 performed on video that contains repeat fields in accordance with the present 

invention. It should be understood that although the present invention is illustrated 
and particularly suited in utilizing repeat fields resulting from the 3:2 pulldown 
process, the present invention is not necessarily limited to such repeat structures. 
FIGS. 3B through 3G demonstrate how a single conventional GOP can be altered to 
15 produce a reduced playback speed and FIGS. 3H through 3M demonstrate how a 
single conventional GOP can be altered to produce an increased playback speed. 
However, it should be noted that the invention is not so limited, as any portion of 
video may be changed to playback at any speed slower or faster than normal 
playback. 

20 Beginning at step 31 0 in FIG. 3A, the device 1 00 can begin to read data from 

the storage medium. In step 315, the demultiplexer 175 of FIG. 1 can separate the 
video component of the recorded video signal from the non-video components and 
can the discard the non-video components. Examples of non-video components 
include A_PCK's 40 and SP_PCK's 42. The NV_PCK's 38, however, can be left in 

25 the video signal being edited since, in accordance with DVD standards, each VOBU 
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36 is required to have an NV_PCK 38. Next, the pictures that make up the video 
signal can be decoded by the packet video decoder 178 and can then be transferred 
to the packet video encoder 144, as shown in step 316. FIG. 3B shows the form of a 
conventional GOP containing frames with repeat fields as it is presented to the 
5 packet video encoder 144. This GOP is shown in FIG. 3B with the subscript "T" 
representing the top field pictures and the subscript "B" representing the bottom field 
pictures. These field pictures are shown in normal font, as distinguished from frames 
which are shown in bold font. 

Referring back to FIG. 3A, at decision block 320 a user can select slow 

1 0 motion or fast motion trick mode. If the user selects slow motion editing, repeat 

fields can be removed, as shown in step 325, and reencoded as dummy pictures, as 
shown is step 330. Further dummy pictures can be added as required to achieve the 
appropriate playback speed. A slower playback speed requires the insertion of a 
greater number of dummy pictures. In the case that the video is recorded with 3:2 

1 5 pulldown, the repeat fields can be removed by setting the associated repeat first field 
flags to zero. The repeat first field flags are typically located in the picture headers 
for the field pictures. 

A dummy picture is an MPEG picture that is merely a repeat of a particular 1 
or non-1 picture. Notably, however, the discrete cosine transform (DCT) coefficients 

20 and the motion vectors of a dummy picture are typically set to zero. Thus, dummy 
pictures require very little storage space on the storage medium. Typically, dummy 
pictures are already in a compressed format and, therefore, do not have to be 
reencoded prior to being recorded onto the storage medium; however, the invention 
is not limited in this regard. 
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In one arrangement, dummy pictures can be placed either before or after 
each picture in the video signal being altered; however, the invention is not so 
limited, as the dummy pictures can be inserted anywhere in the video signal. The 
number of dummy pictures inserted into the video signal depends on the selected 
5 slow motion speed. For example, a single dummy picture can be inserted either 
before or after each picture in the video signal, including each I picture, to produce a 
playback speed that is one-half of normal playback speed. 

Although these dummy pictures can be inserted anywhere in the video being 
edited, in one arrangement, the dummy pictures can be strategically inserted to help 
1 0 control the motion artifact known as vibrating pictures. That is, the dummy pictures 
can be sequentially placed. For example, if the desired playback was one-third that 
of normal playback, then two dummy pictures can be inserted either before or after 
the picture being copied. Additionally, the original picture can be placed between the 
dummy pictures. 

1 5 The process in which dummy pictures can be added and the GOP's 

reencoded for one-half speed slow motion playback for a non-progressive frame 
structure format is shown in FIGS. 3B through 3G. However, the present invention is 
not limited to this manner. The present invention may also be applied to other video 
formats. 

20 Referring to FIG. 3B, the display sequence of a GOP incorporating 3:2 

pulldown is shown. FIG. 3C shows the display sequence of the same GOP with the 
repeat fields removed, resulting in the frame structure shown in FIG. 3D. As 
previously discussed, this is typically accomplished by setting the repeat first field 
flag to zero when the video is recorded with 3:2 pulldown. DVD standards limit the 

25 number of display fields that a GOP can contain to thirty-six, which equates to a 
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maximum of eighteen frames per GOP. Although up to eighteen frames can be 
placed in either the original GOP or the newly created GOP's, an equal number of 
pictures are preferably placed in each GOP thereby enabling each GOP to undergo 
further processing, if desired, in order to conform to the conventional GOP structure. 
5 Further, a conventional GOP typically has one intra (I) frame, thus frames can be 
selected from a GOP being processed to be reencoded into additional ! frames, as 
shown in FIG. 3E. After dummy pictures are added, additional GOP's can be created 
to compensate for the increased number of pictures in the portion of the video being 
edited, thereby keeping the GOP's below the maximum conventional size. An 

1 0 illustration of this is shown in FIG. 3F. FIG. 3G illustrates a GOP reencoded into a 
conventional structure. 

Referring back to step 320 in FIG. 3A, a user can choose to perform fast 
motion editing. An appropriate number of pictures are removed in fast motion editing 
to achieve the appropriate playback speed. The overall number of pictures deleted 

1 5 from the video signal depends on the selected fast motion speed. For example, to 
produce a playback speed twice as fast as normal playback, one-half of the pictures 
contained in each GOP can be deleted from the video signal. 

Since video encoded with 3:2 pulldown contains repeated field pictures, 
removing these pictures first, as shown in step 340, will result in smoother playback 

20 and improved trick mode performance. FIGS. 3H through 3M illustrate a process in 
which pictures can be removed for double speed fast motion playback for a non- 
progressive frame structure format. However, it should be noted that the invention is 
not so limited, as any portion of video may be changed to playback at any speed 
faster than normal playback. The present invention may also be applied to other 

25 video formats. 
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FIG. 3H illustrates two GOPs with a conventional GOP structure for video 
encoded with 3:2 pulldown. FIG. 31 illustrates the resulting GOP's after the repeat 
fields have been removed by setting the repeat field flags in the picture headers to 
zero, as shown in step 340 of FIG. 3A, creating the frame structure illustrated by the 
5 GOP's in FIG. 3J. Referring to decision block 350 of FIG. 3A, the video is checked 
to determine whether it contains the correct number of pictures for the desired 
playback speed. If the video does contain the correct number of pictures for the 
desired playback speed, then the edited video can be recorded onto a storage 
medium as shown in step 370. 

1 0 Nevertheless, if the edited video still contains too many pictures for the 

desired playback speed, then additional pictures can be removed in accordance with 
step 360. If the edited video will undergo a reencoding step to conform each edited 
GOP to a conventional GOP structure, then any of the frames can be removed. 
However, if the edited video will not undergo a reencoding step to conform each 

15 edited GOP to a conventional GOP structure, then it is preferable to remove B 
frames from the video signal. Referring to FIG. 3K, the B frames removed can be 
distributed throughout the GOP's rather than in lengthy groups containing successive 
B frames. Removing B frames in this fashion is preferable because it will produce a 
smoother playback and trick mode performance. As an example, in FIG. 3K, frames 

20 Bl B 4) B 7 and B 10 in the first GOP can be removed and frames B 0 , B 3 , B 6 , and B 9 
can be retained. A similar GOP removal pattern is used for the second GOP. It 
should be noted, however, that the example shown in FIG. 3K is not intended to limit 
the invention to this particular deletion sequence, as any other suitable deletion 
sequence may be used. 
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FIG. 3K illustrates example GOP's after sufficient pictures are removed for a 
double playback speed. Since these GOP's are smaller than conventional GOP's, 
they can be combined as appropriate to achieve an alternate number of pictures in 
the GOP structure. FIG. 3L illustrates a resulting GOP that is a combination of the 
5 GOP's from the previous figure. Per decision block 362, the GOP's can be put in 
conventional structure. FIG. 3M illustrates a GOP reencoded into a conventional 
structure per step 365. However, the invention is not thus limited. Alternatively, a 
user can choose to put the GOP's into another desired GOP structure, as shown in 
decision block 366. Per step 367, the GOP's can be reencoded into the desired 

1 0 GOP structure. Nevertheless, a user is not required to choose to reencode the GOP 
structure and can elect to leave the GOP's in the resulting GOP structure, an 
example of which is shown in FIG. 3K. 

After the modified video is in the proper GOP structure, it can be recorded 
onto the storage medium, as shown in step 370. In accordance with the inventive 

15 arrangements, if the video has been read from a pre-recorded storage medium, the 
edited video can be placed in the same space that the original video previously 
occupied. This is because any dummy field pictures that have been placed in the 
video require very little storage space since they do not contain any encoded image 
information. Further, whatever storage space is required to fit these field pictures 

20 into the original space can be accommodated using the space on the storage 
medium that was previously used to store the deleted non-video information. 

In one arrangement, however, if there is not enough room on the storage 
medium to fit the edited video in the desired recording location, then a certain 
number of pictures in the edited video can be decoded and then reencoded to 

25 reduce their picture resolution. Such a process can reduce the amount of storage 
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space required for the pictures. In an alternative arrangement, the bit rate of the 
video signal can be lowered as the video is being placed onto the storage medium. 
Although lowering the bit rate can result in the loss of some of the video data and a 
corresponding reduction in picture resolution, such a process can reduce the amount 
5 of physical space required on the media to record the modified video sequence, and 
therefore permit the edited video signal to fit in the desired recording location. 

In another embodiment of the present invention, repeat fields can be removed 
from video and replaced with dummy pictures, as illustrated in FIGS. 4A through 4F. 
Beginning at step 410 in FIG. 4A, the device 100 can begin to read data from the 

1 0 storage medium. FIG. 4B illustrates a typical GOP structure containing repeat fields 
that can be contained in the video portion of the data. 

If repeat fields are present in the video, then those repeat fields can be 
removed by setting the repeat field flags in the picture headers to zero. This process 
is shown in decision block 420 and step 430. A typical resulting GOP structure is 

15 illustrated in FIG. 4C. Dummy pictures can then be added to the video in place of 
the repeat fields to get a desired playback speed or to maintain the original display 
rate, as shown in step 440. This result is shown in FIG. D. It should be noted, 
however, that the present invention is not limited in this manner and dummy pictures 
can also be added elsewhere in the GOP structure for slow motion effects. Referring 

20 back to step 420, if there are no repeat fields, then dummy pictures can be added as 
required to achieve a desired playback speed, as shown in step 440. The GOP can 
then be reencoded to combine field pairs into a desired GOP structure, as shown in 
step 450. This result is illustrated in FIG. 4E. FIG. 4F illustrates the equivalent 
frame structure for the GOP. The new GOP's can then be recorded onto the storage 

25 medium, as shown in step 460. 
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CLAIMS 

1 1 . In a rewritable storage medium, a method for changing a playback speed of a 

2 selected video segment having repeat fields comprising the steps of: 

3 selecting the selected video segment, wherein the selected video segment 

4 has repeat fields; and, 

5 modifying said selected video segment by removing repeat fields to achieve 

6 fast motion play. 

1 2. The method according to claim 1 , wherein said removing repeat fields to 

2 achieve fast motion play comprises the step of setting a repeat first field flag located 

3 in a picture header to zero. 

1 3. The method according to claim 1 , further comprising the step of removing 

2 pictures from said selected video segment to achieve a desired playback speed. 

1 4. The method according to claim 1 , further comprising the step of reencoding 

2 said selected video segment into a desired GOP structure after modifying said 

3 selected video segment. 

1 5. The method according to claim 1 , further comprising the step of recording said 

2 modified video segment exclusively on a desired portion of a storage medium. 

16. In a rewritable storage medium, a method for changing a playback speed of a 

2 selected video segment comprising the steps of: 

3 selecting the selected video segment, wherein the selected video segment 
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4 has repeat fields; and, 

5 encoding said repeat fields into conventional field pictures. 



1 7. The method according to claim 6, further comprising the step of setting a 

2 repeat first field flag located in a picture header to zero. 

1 8. The method according to claim 6, further comprising the step of adding 

2 dummy pictures to said selected video segment to achieve a desired playback 

3 speed. 



1 9. The method according to claim 6, further comprising the step of reencoding 

2 said selected video segment into a desired GOP structure after modifying said 

3 selected video segment. 



1 
2 



10. The method according to claim 6, further comprising the step of recording said 
modified video segment exclusively on a desired portion of a storage 
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3 medium. 

1 11. In a rewritable storage medium, a method for modifying a selected video 

2 segment having repeat fields comprising the steps of: 

3 replacing said repeat fields with dummy pictures; and 

4 setting a repeat first field flag located in a picture header to zero. 

1 1 2. The method according to claim 1 1 , further comprising the step of adding 

2 dummy pictures to said selected video segment to achieve a desired playback 

3 speed. 

1 1 3. The method according to claim 1 1 , further comprising the step of reencoding 

2 said selected video segment into a desired GOP structure after modifying said 

3 selected video segment. 

1 1 4. The method according to claim 1 1 , further comprising the step of recording 

2 said modified video segment exclusively on a desired portion of a storage medium. 



1 15. A system for changing the playback speed of a selected video segment 

2 having repeat fields, comprising: 

3 storage medium reading circuitry for selectively reading a video segment 

4 which has been recorded on a portion of a rewritable storage medium; 

5 a video processor for modifying said selected video segment for a changed 

6 playback speed; and 

7 video recorder circuitry for recording said modified video segment exclusively 



8 
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1 1 6. The system according to claim 15, wherein said video processor modifies said 

2 selected video segment by removing said repeat fields to achieve fast motion play. 

1 1 7. The system according to claim 15, wherein said video processor modifies said 

2 selected video segment by encoding said repeat fields into conventional field 

3 pictures. 

1 18. The system according to claim 1 5, wherein said video processor sets a 

2 repeat first field flag located in a video header to zero after modifying a said selected 

3 video segment. 

1 19. The system according to claim 1 5, wherein said video processor deletes a 

2 plurality of non-video packs in said selected video segment to reduce an amount of 

3 data contained in said modified video segment. 



1 



20. 



The system according to claim 15, wherein said video processor reduces 



WO 03/038814 PCT/US02/34651 
24 

2 a resolution of at least one frame contained in said modified video segment. 

1 21 . The system according to claim 15, wherein said video processor lowers a bit 

2 rate of said modified video segment during a recording step. 

1 22. The system according to claim 15, wherein said video processor inserts into 

2 said selected video segment at least one dummy picture. 

23. The system according to claim 15, wherein said video processor deletes from 
said selected video segment at least one picture. 
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GOPi: Bot Bos Bot Bib Bit I2B Izt I2B Bst Bsb B4T B4B Bot Psb Pet Bbb Bst Bbb B?t 

B7b.PbtP8b Pst Bsb Bst BiobBiotb Biob Pin Pub 

FIG. 3B 



GOP1 : Bot Bob Bit Bib 1 2t I2B Bst Bsb B4T B4b Pst Psb Bbt Bbb Brr B7B Pst Psb Bst 

Bsb BiotBiob Put Pub 

FIG. 3C 



GOP1 : Bo Bi I2 B3 B4 Pb Be Bv Ps Bs Bio P11 

FIG. 3D 



GOP1: Bo Bi I2 B3 B4 Ps Be B7 Is Bs Bio P11 

FIG. 3E 



GOPi : Bo Bd Bi Bdi b Pd2 Ba Bd3 B4 Bd4 Pb Pds Bs Bde B? 

GOP2: Bd7l8PdsB9Bd9Bl0Bd10PllPd11 

FIG. 3F 



GOPi : Bo Bd h Bdi B2 Pd2 Bs Bds P4 Bd4 Bs Pde Be Bae P? 

GOP2: Bd7 Bs Ids Bs Bds P10 Bdio B11 Pdii 

FIG. 3G 
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GOPi : Bot Bob Bot Bib Bit I2B I2T I2B B3T Bsb B4T B4B B4T Psb Pst Bbb Bst Bob 1B7T 

B?b Pst Psb Pst Bsb Bar BiobBiotb Biob Put Pub 

GOP2: Bl2T B12B Bl2T Bl3B Bl3T ll4B ll4T ll4B Bl5T Bl5B B16T B16B Bl6T Pl7B Pl7.T 

B18B Bl8T Bl8B Bl9T Bl9B P20T P20B P20T B21B B21T B22B B22T B22B P23T P23B 

RG.3H ' 



Bot Bob Bit Bib I2T I2B Bst Bsb Bat Bab Pst Psb Bst Bbb B7T B7B Pst Psb [E 
Bsb BiotBiotb PhtPub 

Bi2tBi2b B13TB13B I14T Imb Bi5t Bi 5b B16T B16B P17T Pi7b BistBisbBist 
Bi9B P20T P20B B21T B21B B22T B22TB P23T P23B ! 

FIG. 31 



GOP1 : Bo B1 b B3 B4 Pb Be B7 Ps B9 Bio P11 

GOP2: Bl2 Bl3 114 Bl5 B16 Pl7 Bl8 Bl9 P20 B21 B22 P23 



GOP1: Bo I2 B 3 Ps Be PaBsPn 

GOP2: B12 Il4 BiB P17 P20 B22P23 



GOPi +2 : Bo I2 B 3 Pe Be Ps Bs P11 B12 I14 Bib P17 P20 B22 P23 
FIG. 3L 



GOPi +2: Bo B2 Is Bs Be Ps B9 B1 1 P12 B14 Bis P17 B20 B22 P23 



FIG. 3M 
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FIG. 4A 
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Bot Bob Bot Bib Bit I2b Izt I2B B3T B3B B*t B4B B4t Psb Pst Bbb Bst Bsb jB7T 
Bvb Pst Psb Pst Bbb Bbt Biob Biotb Biob Put Pub 



Bot Bob Bit Bib I2T be Bst Bsb B4T B4b Pst Psb Bbt Bbb B?t B7b Pbt Psb Bbt 
B9b BiotBiotb PhtPiib 



Bot Bob Bd Bib Bit I2B I2T hd B3T B3b B4T B4b B4d Psb Pst Bbb Bst Bed b'?t 
B7B Pst Psb Pad B9B Bsrr Biob Biotb Biod Put Pub 



Bot Bob Bit Bib I 2t bs B3T Bsb B4T B4B Pst Psb Bst Bbb B7T B7b Pbt Psb Bbt 
Bbb Biot Biob Put Pub B12T BubBist Bisb Pi4T Pub 



GOP: Bo B1I2 B 3 B4Ps Be B7P8B9B10P11 Bi 2 B13 P14 

FIG. 4F 



